Abstract. Plant Growth Promoting Rhizobacteria (PGPR) are indigenous to soil and the plant rhizosphere and play a major role in the biocontrol of plant pathogens. This present study investigated the biocontrol abilities of individual species of bacteria and their consortium against phytopathogenic Fusarium oxysporum and Rhizoctonia solani. Results from the in-vitro bio-control assay (Hydrogen cyanide, catalase enzyme, lipase enzyme and indole acetic acid production) revealed that four isolates (SB2, PL3, MPT2 and SLD3) exhibited highest and consistent bio-control characteristics. The greenhouse evaluation of these isolates and their consortium (CST) in association with tomato (Beske variety) revealed that isolate SB2 (94.9%) highly reduced the disease caused by Rhizoctonia solani than CST (91.5%), PL3 (90.5%), MPT2 (74.9%), SLD3 (71.5%) and control (0.0%). However, isolate SB2 (100%) apparently reduced the disease caused by Fusarium oxysporum, while isolates PL3, CST, MPT2, SLD3 and control reduced the same disease by 95.7%, 93.0%, 79.0%, 65.2% respectively. Isolates SB2 identified as Bacillus subtilis was the most effective and could serve as biocontrol agents for controlling Fusarium oxysporum and Rhizoctonia solani in tomato cultivation.
INTRODUCTION
Tomato production in relation to demand is generally low in Nigeria due to a combination of continued soil nutrient limitation and diseases (Adeoye et al., 2009) . The most costly and common diseases of tomato are caused by a number of different organisms namely bacteria, fungi, oomycetes, viruses and nematodes (Sarah, 2012) . Some of the major diseases include bacterial wilt caused by Ralstonia solanacearum, root rot disease caused by Rhizoctonia solani, bacterial canker caused by xanthomonas vasicaforia, Fusarium wilt caused by Fusarium oxysporium, early blight caused by Alternaria solani and damping-off disease caused by organisms such as Pithium spp, Phytophthora spp and Botrytis spp (Dairo and Akintunde, 2012) .
Modern agriculture heavily depends on the application of agrochemicals for fertilizing soils and diseases control, however, the over-use of chemical compounds poses potential risk to human health and the environment and can also lead to resistance in causal agents. Plant Growth Promoting Rhizobacteria (PGPR) are free living, non-pathogenic microorganisms which successfully colonize the soil attached to the root (rhizosphere) and root region (rhizoplane) of host plant, compete with pathogenic microorganisms and suppress their growth, thereby acting as biocontrol and/or antagonist to pathogens (Sivasakthi at al., 2014) . PGPR indirectly promote plant growth by decreasing or preventing the deleterious effects of one or more phytopathogenic organisms (Anelise et al., 2012) . The major mechanisms used by microbes for the control of tomato root diseases are antibiosis (Haas and Defago, 2005) , Predation and Parasitism (Sarah, 2012) , competition for nutrients and niches (Kamilova et al., 2005) , Induced systemic resistance (ISR) (Van Wees et al., 2008) , Antagonism (Lugtenberg and Kamilova, 2009) or the combinations of all these mechanisms.
PGPR agents isolated outside the region and imported to Africa have performed inconsistently under field conditions (Debananda et al., 2009) . Howell (2003) therefore suggested that biocontrol agents should be isolated from the soil locality where they are expected to function in disease control. Most approaches for biological control of plant diseases have used single bacterial species as bio-control agents. Few had used a consortium of selected bacterial species to either enhance growth or control a
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MATERIALS AND METHODS
Soil and root samples were collected aseptically from the rhizosphere, rhizoplane and non rhizosphere of tomato plant at three different farm sites of Abeokuta (Abeokuta south (7°09′00″N 3°21′00″E), Abeokuta north (7° 8' 43.112" N 3° 21' 32.562" E) and Odeda (7°13′00″N 3°31′00″E)), Ogun State. Serial dilutions of each soil samples were carried out by weighing 10 grams of the rhizosphere soil into a sterile 250 ml conical flask containing 90 ml of sterile distilled water. The flask was shaken gently to homogenize the suspension. Thereafter, 1 ml aliquot from 10 -1 dilution were transferred into another test tube containing 9 ml of sterile distilled water to obtain 10 -2 dilution. Further dilutions were made until 10 -6 dilution was obtained. From 10 -6 dilution, 0.1 ml of the suspension was inoculated on nutrient agar plates using pour plate method. The plates were sealed with parafilm, inverted and incubated at 28±2 o C for 48 hours. The numbers of colonies per plate were counted, recorded and expressed as colony forming unit (CFU) per gram of soil.
CFU/g of soil = Number of colonies per plate x Dilution factor Amount plated 1
Isolated bacterial species were subcultured and stored on slants for further use. The bacterial isolates were subjected to standard microbiological methods such as morphological characteristics of the colony, gram staining and biochemical tests according to the method of Fawole and Oso (1998); Cheesbrough (2006) .
Screening for biocontrol characteristics of the bacteria isolates

Hydrogen Cyanide Production
The ability of each bacterial isolates to produce hydrogen cyanide was evaluated by using the method modified by Ngoma et al. (2013) . Each isolate was grown in 10% trypone soy agar supplemented with glycine (4.4 gl -1 ). A Whatman filter paper No. 1 soaked in 2% Sodium carbonate and 0.5% picric acid solution was placed to the underside of the Petri dish lid. To avoid the escape of the gas, the plates were sealed with parafilm and incubated at 30°C for 5 days. The production of HCN was determined by the change in colour of filter paper from yellow to redbrown.
Catalase enzyme production
Catalase enzyme production was assayed for by growing each bacterial culture on trypticase soya agar medium for 48 hour. A loopful of each bacterial isolate was emulsified on a clean grease-free glass slide and 3-4 drops of hydrogen peroxide (H 2 O 2 ) was added. The effervescence indicated catalase activity (Geetha et al., 2014) .
Lipase enzyme production
Each bacterial isolates were grown on nutrient agar amended with egg yolk and incubated for 48 hours. It was then flooded with saturated aqueous solution of copper sulphate (CuSO 4 ) and kept for 10-15 min. The excess reagent was poured off and formation of greenish blue colour zones around the colony indicated the production of lipase (Omidvari, 2008) .
Indole acetic acid (IAA) production
The isolates were inoculated in triplicate to tryptophan nutrient broth (5 grams of tryptophan per litre of nutrient broth) and incubated with shaking for 48 hours at 28°C. Visually turbid cultures were observed and 5.0 ml of each culture were transferred to a 10 ml tube. They were centrifuged at 10,000 rpm for 15 minutes and 1.0 ml of the supernatant was mixed with 2.0 ml of Salkowsky reagent (50 ml of 35% Perchloric acid, 1 ml of 0.5 M FeCl 3 solution). The mixture was then incubated at room temperature for 25 minutes. Development of pink colour after incubation at room temperature indicated IAA production. The absorption of positive reaction was determined at 530 nM using a spectrophotometer. The colours produced by the respective strains were categorized into low, medium and high Patten and Glick (2002) ; Patel et al. (2012) .
2.2.
In-vitro antagonistic assay against phytopathogenic fungi An in-vitro bioassay was conducted to evaluate the antagonistic potentials of bacterial isolates against phytopathogenic Fusarium oxysporum and Rhizoctonia solani. This was done by employing the method of Sharma et al. (2012) . Each bacterial isolate was assayed for antifungal activities against each of Fusarium oxysporum and Rhizoctonia solani using Potato Dextrose Agar (PDA) medium. The isolates were streaked on PDA medium at a distance of 3cm opposite to pathogenic fungi inoculated at the centre of the medium while the control had only the fungi inoculated at the centre. The barrier between isolates and fungi indicated antagonist interaction between them. Antagonist activity was investigated for 7 days after incubation at room temperature 25±2 o C. The value of inhibition was calculated using the formula Inhibition growth = 1 -(a / b) x 100% a = radial growth of fungi interacting with antagonistic bacteria; b = radial growth of fungi only in control plate.
Preparation of Microbial Consortium
Four bacterial isolates were sub-cultured on a fresh nutrient agar medium and inoculated overnight at 37 o C. Each isolate were then inoculated in a 10 ml nutrient broth and incubated with shaking at 37 o C for 48 hours. The four microbial consortiums were prepared by inoculating 0.1 ml of the 48 hours old culture of each isolates in a 20 ml nutrient broth and incubated with shaking at 37 o C for 48 hours.
Green house antagonistic assay
Preparation of seed and soil samples
Tomato seeds obtained from the tissue culture laboratory of the Department of Crop Protection, Federal University of Agriculture Abeokuta, were surface sterilized with 0.5% Sodium hypochlorite (NaOCl) for 2 minutes, followed by 30 seconds dip in 70% ethanol, two rinses in distilled water and then air dried at room temperature (Zinniel et al., 2002) . Soil sample collected from the Federal University of Agriculture, Abeokuta (FUNAAB) Teaching and Research farm was passed through a 2 mm sieve to remove extraneous materials. It was sterilized in an autoclave at 121 o C for 15 minutes after which it was allowed to cool and stabilize.
Biocontrol evaluation of isolates
An isolate-pathogen interaction study was conducted in sterilized soil using the pathogenic fungi Fusarium oxysporum and Rhizoctonia solani according to the method of Baniasadi et al., 2009 . The experiment was set up in a greenhouse with planting bags containing 1.5 kg of sterilized soil. Treatments were replicated 3 times in a completely randomized design. A conidial suspension of phytopathogenic Fusarium oxysporum was prepared and adjusted to 1 x 10 -6 spores/ml using a hemocytometer. Four milliliters of Fusarium oxysporum inoculum was mixed with 50 ml of sterile water and inoculated directly on the soil, after which planting bags were immediately covered with black polyethylene bags for 48 hours.
Sterilized seeds were dipped into a 24-hour broth culture of each bacterial cell (1 x 10 -6 cells/ml) respectively for 1 hour and then allowed to air dry on a filter paper at room temperature. A control was equally set up in which the tomato seeds were soaked in a sterile water and allowed to air dry. Five inoculated tomato seeds and control seed were planted per pot and immediately covered with soil. After 4 weeks, seedlings were observed every 7 days for 4 weeks to determine the number of germinated seed (%), seedling height (cm), stem girth (cm), number of leaves and leaf area (cm 2 ) for each pot. Disease symptoms were assessed according to the following indices:
Disease incidence (DI) was calculated as the percentage of tomato seedlings in a bag that showed visible signs of infection (Michel et al., 1997) . Disease severity (DS) was scored qualitatively based on the observable symptoms in the most diseased plant in each pot, with slight modifications (Soonthompoct et al., 2001 ). The scores were as follows: apparently healthy seedling = 0; One to two leaf infected = 1; Three to five leaves infected or traces of stem rot = 2; All leaves infected/stunted growth/stem rot = 3; Damping off/wilting/seedling death = 4.
The disease reduction percentage (DRP) was calculated using the following formula; DRP = 100 x [1 -(DI of treatment/DI of controls)] (Cao et al., 2011).
Statistical analysis of data collected
Data were analysed using statistical package for social sciences (SPSS) version 16.0 for Windows (SPSS, Chicago IL, U.S.A). The means of the data obtained from the bacteria load and disease severity were
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RESULTS AND DISCUSSIONS
Total bacterial counts of soil samples
A total of 124 bacterial isolates were obtained from the rhizosphere, rhizoplane and non rhizosphere of tomato plant at three different farm sites of Abeokuta (Abeokuta south, Abeokuta north and Odeda), Ogun State. In this study, there were significant differences in the bacterial counts in rhizosphere, rhizoplane and non rhizosphere soil of the three farm sites. Abeokuta north and Abeokuta south farm sites had higher bacterial count in the rhizosphere (1.19 x 10 8 CFU/g, 5.53 x 10 7 CFU/g), than the rhizoplane (1.16 x 10 8 CFU/g, 4.43 x 10 7 CFU/g) and the non rhizhosphere (9.1 x 10 7 CFU/g, 9.1 x 10 7 CFU/g) ( Table 1 ). This is in agreement with Oyeyiola et al. (2012) who also reported higher bacteria count in the rhizosphere than other regions of red pepper plant. In contrary, Odeda farm site had higher count in the rhizoplane (9.43 x 10 7 CFU/g) than the rhizosphere (9 x 10 7 CFU/g) and non-rhizosphere soil (6.23 x 10 7 CFU/g) ( Table 1 ). This might be because the bacteria in the root zone (rhizoplane) through competition for nutrient and niches, take advantage of the nutrient that a plant provides (Aliyu and Oyeyiola, 2011). 
Bio-control characteristics of bacterial species
Eight bacterial isolates were identified and selected based on their cultural and biochemical differences and were screened for biocontrol abilities. The bacterial isolates had varying bio-control characteristics for the four assays. For hydrogen cyanide (HCN) production, isolates PL3, SB2, MPT2 and SLD3 were positive with the indication of a red brown colouration on agar plate. The production of hydrogen cyanide (HCN) by PGPR plays an important role in the biological control of several soil-borne pathogenic fungi (Ramette et al., 2003) . The HCN production is found to be a common trait of Pseudomonas and Bacillus genera in the rhizospheric soil and root nodules of plants as reported by Ahmad et al. (2008) . Cyanide is a toxic chemical produced by some bacteria and acts as a metabolic inhibitor. It is synthesized, excreted and metabolized by these bacteria as a medium to avoid predation or competition.
Another important trait of PGPR is the production of enzyme which plays an important role in the biological control of several soil-borne pathogenic fungi. All isolates were able to produce catalase except KDM1, FD4 and MPT2. However, only isolates PL3, SB2 and MPT2 were positive to lipase production which is indicated with the formation of greenish blue colour zones around the colony. Bacteria may limit growth of other microorganisms through the production of hydrolytic enzymes such as chitinase, lipase, β-1, 3-glucanase, protease, catalase, laminarinase etc. (Backman and Sikora, 2008) .
All bacterial isolates were able to produce indole acetic acid (IAA) in varying quantities. Isolate SB2 was the highest producer with 1.68 mg/ml, followed by isolate PL3 (1.35 mg/ml) while isolate KDM1 (0.19 mg/ml) was the lowest (Table 2) . Recent studies have shown that IAA biosynthesis is highly influenced by L-tryptophan which is believed to be the primary precursor for the production of IAA (Ahmad and Khan, 2011) . L-tryptophan is a phytohormone which affects many physiological activities of plant such as cell enlargement, cell division, root initiation, and growth rate. Results are mean values ± standard error of mean for three replicates. Values followed by different letters within a column indicate significant differences according to the Turkey-Kramer HSD test at α = 0.05.
In-vitro antifungal assay
All bacterial isolates were used to determine the bacteria that inhibit the growth of Fusarium oxysporum and Rhizoctonia solani in-vitro. They all displayed some antagonistic activity against both pathogens. Isolate SB2 (88.65%) had the highest antagonistic activity against Fusarium oxysporum, followed by PL3 (70.08%), MPT2 (66.08%), SLD3 (52.33%), KS9 (22.65%), KDM1 (18.31%), FD4 (12.35%) and the least from WP5 (10.32%). Against Rhizoctonia solani, isolate SB2 (62.25%) had the highest antagonistic activity, followed by MPT2 (60.96%), PL3 (60.26%), SLD3 (43.04%), KS9 (27.15%), WP5 (17.21%), KDM1 (13.76%) while FD4 (13.54%) had the least antagonistic effect (Table  3 ).
The antifungal activity of individual isolates from this study is similar to the findings of Manoj and Rajesh, 2013 who compared the antifungal activity of bacterial isolates in-vitro and documented that bacterial isolate MK4 showed maximum growth inhibition against Fusarium sp. (90.38%) while bacterial isolate MK5 showed comparatively maximum growth of inhibition (84.09%) against Rhizoctonia solani and 86.04% against Pythium sp. The general concept of the success of PGPR to control disease was attributed to the inhibitory effects of antagonistic organisms (Yildiz et al., 2012) . The inhibition process observed in vitro may suggests the secretion of fungicidal metabolites by the bacteria (Figueiredo et al., 2010) . According to the bio-control characteristics of all the eight bacterial isolates evaluated, four isolates (SB2, PL3, MPT2 and SLD3) exhibited highest and consistent bio-control characteristics ( Table 2) . The consortium of all the four isolates (CST) was prepared and included for further evaluation in association with tomato (Beske variety) bio-control assay.
As shown in table 4, diseases severity for both phytopathogenic fungi (Rhizoctonia solani and Fusarium oxysporum) was highest in the control with the tomato seedlings displaying damping off, wilting and eventually seedling death after the fourth week of planting. Seeds treated with isolates MPT2 and SLD3 against Rhizoctonia solani showed that three to five leaves were infected and traces of stem rot were observed while PL3, SB2 and CST showed that only one to two leaves were infected during the four weeks of planting. On the other hand, isolate SLD3 showed more severe disease symptoms against Fusarium oxysporum than MPT2 with three to five leaves infected and traces of stem rot noticed. Isolate PL3 and CST showed that only one to two leaves were infected while SB2 showed apparently healthy seedling throughout the weeks of planting.
The results from the four isolates on which we focused especially isolate SB2, PL3 and CST which highly reduced the severity of disease caused by both fungi was similar to the reports of Abiala et al., 2015 who worked on antagonistic potential of the bacterial isolates against Fusarium verticillioides and documented significant reduction in the severity of the isolated bacteria above the control.
Disease expression of phytopathogenic fungi on tomato plant
The control seedlings exposed to Fusarium oxysporum and Rhizoctonia solani but not inoculated with any bacteria expressed diseases such as leaf wilting, leaf curl, stem rot, leaf blight, root rot and were not able to survive till the fourth week of planting. In contrast, all the four isolates showed outstanding antifungal effects above the control and were significantly different from eachother when treated against both Rhizoctonia solani (Figure 1 ) and Fusarium oxysporum (Figure 2) .
The percentage disease incidence for Rhizoctonia solani was lowest in isolate SB2 (4.3%), followed by isolate CST (7.1%) while the highest was observed in SLD3 (24.0%). The disease reduction was highest in isolate SB2 (94.9%), followed by isolate CST (91.5.1%) while the least was observed in SLD3 (71.5%) (Figure 1 ). For Fusarium oxysporum, the percentage disease incidence was lowest in isolate SB2 (0.0%), followed by isolate PL3 (4.1%) while the highest was observed in SLD3 (33.1%). Isolate SB2 (100%) apparently reduced the disease caused by Fusarium oxysporum while the least reduction was recorded for SLD3 (65.2%) (Figure 2) . The significant biocontrol activity of these isolates may result from their ability to produce hydrogen cyanide (HCN), catalase, lipase or other undetermined lytic enzymes; synthesis antifungal antibiotics which inhibit fungi proliferation or growth tested; degrade the toxic chemical produced by the fungi preventing pathogenesis (Nihorimbere et al., 2010) . Their effectiveness may also be related to the fact that they were isolated from the rhizosphere of the host plant that they were intended to protect (Howell, 2003) , and thus, they had previous exposure to indigenous pathogens and competitor rhizosphere bacteria.
From this study, isolate SB2, CST and PL3 identified as Bacillus subtilis, Consortium and Pseudomonas aeruginosa respectively showed a remarkably control of both diseases caused by both fungi; a result similar to that of Abiala et al., 2015 and Anupama et al., 2015 . Bacillus subtilis and Pseudomona aeruginosa had been documented to possess many traits that make them well suited as biocontrol. These include the ability to; colonize and multiply rapidly in-vitro, in the rhizosphere, root region and in the interior of the plant; rapidly utilize seed and root exudates; produce a wide spectrum of bioactive metabolites (i.e., antibiotics, siderophores, volatiles, and growth-promoting substances); compete aggressively with other microorganisms; and adapt to environmental stresses (Nagórska et al., 2007) .
Microbial consortium had been reported by some authors to perform better than individual specie. For example, Gera and Sharma (2004) prepared a consortium Azotobacter, Pseudomonas, Azospirillum and Rhizobium growing all in a single medium and found that the bacterial consortium significantly enhanced growth and control diseases than the individual culture. Interestingly, the effectiveness of the microbial consortium in this study was not outstanding than individual species as predicted. However, Kamlesh and Dubey (2012) , who worked on the development of plant growth promoting microbial consortium to reduce wilt incidence in Cajanus cajan reported that the consortium of Pseudomonas fluorescence LPK2, Azotobacter chroococcum AZK2 and Staphylococcus freedii KCC5 was inhibited by Pseudomonas aeruginosa GRC2 out of the 7 PGPR evaluated. He also reported that Staphylococcus freedii KCC5 was inhibitory for Bacillus licheniformis MTCC57 and itself inhibited by Pseudomonas aeruginosa GRC2 and Pseudomonas aeruginosa MTCC1934.
From this report of Kamlesh and Dubey (2012) , it can be concluded that one or more of the specie used as members of the microbial consortium for biocontrol in this research might be either strongly inhibitory to or strongly inhibit others of the consortium. The inhibitory action of some bacteria in the microbial consortium might be due to competition for substrate. Evolutionary driving forces in the bacterial world and numerous experimental data obtained under well controlled conditions revealed how different organisms may effectively out-compete others because of better utilization of a given energy source.
CONCLUSION
Bacillus subtilis, Pseudomonas aeruginosa and the microbial consortium had been proven to be effective as inoculants/biocontrol agents for controlling diseases caused by Fusarium oxysporum and Rhizoctonia solani on tomato, however, Bacillus subtilis was the most effective and should therefore be
